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Action of verapamil on sinus node, atrioventricular,
and intraventricular conduction
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Verapamil, though originally introduced as an antianginal drug, seems to have its most interesting properties
when used to treat supraventricular tachyarrhythmias. In clinical practice it has been noted that the drug
prolongs AV conduction time. To study this in more detail electrocardiograms and His bundle electrograms
were recorded.

It is concluded that verapamil prolongs AV conduction proximal to the bundle of His, probably due to an
intrinsic action. This may explain its action in some cases ofparoxysmal supraventricular arrhythmia.

Verapamil was introduced into clinical practice as a
coronary vasodilator (Haas and Hartfelder, I962)
and originally used as an antianginal drug (Neu-
mann and Luisada, I966; Sandler, Clayton, and
Thornicraft, I968). Though its effectiveness as an
antianginal drug remains controversial it was soon
found that verapamil had antiarrhythmic properties
especially in patients with supraventricular tachy-
arrhythmias (Melville, Shister, and Huq, I964;
Bender, I967; Diewitz and Lange, I969; Scham-
roth, 197I; Schamroth, Krikler, and Garrett, I972).

In clinical practice it has been shown to decrease
atrioventricular conductivity (Bender and Zimmer-
hof, I967; Diewitz and Lange, I969; Ryden and
Saetre, I97I). The present study was designed to
look at this property more closely and to elucidate
the mode of antiarrhythmic action of verapamil.

Subjects and methods

Ten patients, aged 35 to 68 years, with various forms of
heart disease had His bundle electrogram studies as part
of their routine investigation on account of a history of
some cardiacarrhythmia. All patients were in sinus rhythm
without heart failure. The atrioventricular conduction
time was within normal limits in all patients except one
(PQ 0o24 sec) who was the only one receiving digitalis.
Seven patients were investigated while not being treated
by any other drug. In the remaining three, verapamil
was administered after beta-blockade and atropine. In-
formed consent was obtained from all patients.
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His bundle electrograms were obtained as described
by Scherlag et al. (i969) using a bipolar electrode-
catheter (USCI CSi 6F). Right atrial pacing was per-
formed via a bipolar electrode positioned close to the
sinus node. Drugs were administered via a polythene
cannula introduced in an arm vein. Mepivacaine i per
cent was used as a local anaesthetic.
The study was started after a 20-minute resting

period following the diagnostic procedure. Filtered
(5o-4oo Hz) and unfiltered His bundle electrograms and
surface electrocardiograms were recorded on a battery-
powered three-channel Mingograf (EM 34, Elema-
Schonander) at a paper speed of I00 mm/sec. After a I0-
second record during spontaneous rhythm, atrial pacing
was started at a rate of ioo/min (AP I00) for 20 seconds,
the last io of which were recorded. Then the pacing rate
was increased to I30/min (AP I30), and again a io-
second long record was made after I0 seconds of pacing.
Finally the pacemaker was switched off while continuing
to record during return of sinus node activity. After
obtaining two such records at 5-minute intervals, vera-
pamil o-I5 mg/kg body weight was injected intravenously
over a 2-minute period and further records were ob-
tained at 2, 5, i0, i5, and 20 minutes after the start
of injection. In 4 out of 7 patients I mg atropine was
given intravenously after the 20-minute record and a
further registration obtained 3 minutes after atropine.
One of the patients being treated by beta-blockade re-
ceived alprenolol Ioo mg four times daily, the last dose
being given 2 hours before the study. The other 2 were
given practolol 30 mg intravenously before the study.
After obtaining 2 post beta-blockade records at 5-minute
intervals, i mg atropine was injected intravenously. Three
minutes later another record was obtained and then
verapamil was given. Post-verapamil records were ob-
tained at the times given above. Twelve minutes after
verapamil another os5 mg atropine was given intra-
venously.

All records were analysed as follows:
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I) PH, i.e. the interval between the beginning of the P
wave on the electrocardiogram and the onset of the H
deflection on the His bundle electrogram.
2) StH, i.e. the interval between pacemaker-induced
artefact and H deflection.
3) HQ and HS, i.e. the intervals between the onset of
H on the His bundle electrogram and, respectively, the
onset and end of the QRS on the electrocardiogram.
4) StP, i.e. the interval between pacemaker-induced
artefact and end of intra-atrial P wave on the His bundle
electrogram (measured only at AP ioo).
5) RR interval during spontaneous rhythm.
6) Corrected sinus recovery time, i.e. the difference be-
tween the last pacing artefact to the first spontaneous P
and the prepacing PP interval at that time.

All intervals were expressed in milliseconds. The re-
sults were analysed using Student's t test for paired
differences.

Results
After verapamil there was a continuous increase in
the PH interval during spontaneous rhythm and the
StH interval during AP ioo. Maximal prolongation
was reached at I0 minutes after drug administra-
tion, the mean increase ± SE of PH was 28 ± I2-3
msec (P <o-oi) and of the StH 74± 29-2 msec
(P < o-oi) (Fig. i). In one of the patients verapamil
induced a second-degree AV block above the level
of His during AP I00.

During AP I30 verapamil induced a similar type
of second-degree block in 5 out of 7 patients. In one
patient in whom, during AP I30, this type of AV
block was already present before verapamil adminis-
tration, the degree ofAV block was increased. In the
seventh patient the StH interval was prolonged from
i6o to 240 msec.
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FIG. 2 The effect of atropine on verapamil induced
increase of stimulus-His interval during atrial paced
rate at ioo/min. The results in 4 different patients are
shown, patients being indicated with varying symbols.
Dotted line means AV block of second-degree, site of
blockage above the level of His.
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FIG. I Changes in P-His interval (0) during spon-
taneous rhythm and stimulus-His interval (0) during
atrial paced rate ioo/min after administration of
verapamil o.Is mg/kg body weight. Mean values for
the group ± SE. * =P <0o02, ** =P < O.OI. In this
and the other Figures time in minutes is on the x-axis
while P-His and/or stimulus-His intervals in msec are
on the y-axis.
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FIG. 3 Changes in corrected sinus recovery time (see
text for explanation) after administration ofverapamil
O-I5 mg/kg body weight. Mean values of the group
± SE.
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FIG. 4 The effect of verapamil o-i5 mg/kg body
weight given to 3 different patients who were given
beta-blockers and atropine before verapamil adminis-
tration. The Figure shows changes in stimulus-His
interval during atrial paced rate at ioo/min.

In the 4 patients in whom atropine was adminis-
tered 20 minutes after verapamil PH as well as StH
intervals considerably decreased when compared to
the values measured immediately before atropine
(Fig. 2). Second-degree AV block was present in
these patients at AP I30 but was reversed to first-
degree block after atropine.
The corrected sinus recovery time increased in all

patients except one where it was unchanged (Fig. 3).
However, the values obtained were not statistically
analysed, since for technical reasons some patients
were paced longer than the others.
The RR interval decreased immediately after

verapamil; the maximal change occurred at 5
minutes (from 941 ± i6-8 to 780 ± 42-3 P < 0.02)
but then it returned towards control values.
The HQ, HS, and StP intervals remained un-

influenced by verapamil.
In the separate study on 3 patients who were

given beta-blocking agents and atropine before vera-

pamil the PH during spontaneous rhythm and the
StH during AP-ioo increased after verapamil when
compared with the values obtained after beta-
blockade and atropine (Fig. 4). During AP I30
verapamil induced second-degree AV block in 2
and further prolongation of StH in the third patient.
The second injection of atropine (I2 minutes after
verapamil) did not improve a suppressed AV con-

duction. The HQ and HS intervals again remained
unaffected.

Discussion
Bender and Zimmerhof (I967) were the first to ob-
serve a second-degree AV block after treatment
with verapamil. Later on other reports of increased
AV conduction time after verapamil have appeared
(Brichard and Zimmermann, I970; Bass and Friede-
mann, I97I; Ryden and Saetre, I97I). An investi-
gation ofAV conductivity using His bundle electro-
grams was performed by Neuss and Schlepper
(I97I). They found a prolongation of AV conduc-
tion presumably within the AV node. Our results
are in accordance with this study. Bass and Friede-
mann (197I) stated that there was a prolongation of
intra-atrial conduction after verapamil. This state-
ment is not confirmed by our finding of an un-
changed StP interval, which indicates that intra-
atrial conduction is not influenced by the drug. The
results of the study by Neuss and Schlepper (I97I)
are in accord with ours. Furthermore, Singh and
Vaughan Williams (I972) in a study on rabbit atria
found that increasing concentrations of verapamil
increased the conduction velocity through the atria.
Animal studies suggest that the action of vera-

pamil on the sinus and AV nodes is due to both a
direct cardiac effect and an antagonism of vagal
activity (Garvey, I969). To our knowledge these
conclusions have not been verified by studies in
human beings. Our results on those patients who
had been pretreated with a beta-blocker and atropine
seem to indicate that even in humans verapamil has
an intrinsic action not mediated by autonomic
nerves. The amount of alprenolol and practolol ad-
ministered in the present study is, according to
earlier investigations, sufficient to give an adequate
beta-blocking effect (Johnsson, Norrby, and Solvell,
I967; Finegan, Marlon, and Harrison, I972). That
satisfactory vagal blockade did exist during the
period of study is indicated by the fact that the
second injection of atropine had no effect (Fig. 4).
Nevertheless, as is seen in normal subjects (Damato
and Lau, I970), the AV conduction time was shor-
tened by atropine in patients treated with verapamil
(Fig. 2). Thus atropine can be used with advantage
in cases where verapamil happens to decrease the
AV conduction too much.

Verapamil has been successfully used in the treat-
ment of paroxysmal supraventricular tachycardia
and in reducing heart rate in atrial flutter and
fibrillation (Bender, I967; Schamroth, I971;
Schamroth et al., I972). Since paroxysmal supra-
ventricular tachycardias are currently believed to be
perpetuated by re-entry within the AV node (Gold-
reyer and Bigger, I969; Goldreyer and Damato,
I97I) and the ventricular rate in atrial flutter and
fibrillation is dependent on AV conductivity, the
depressant effect of the drug on AV conduction
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explains the effect of verapamil upon these condi-
tions.
Some prolongation of corrected sinus recovery

time in our series is in line with the results of animal
studies performed by Garvey (I969) and Singh and
Vaughan Williams (1972) who noted suppression
of spontaneous atrial rate after administration of
verapamil. Until further studies in human beings
elucidate this, verapamil should perhaps be used
with caution in patients with sick sinus syndrome,
who may present with supraventricular tachycardia.
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